A total of eight appendices (Appendix 1 through Appendix 8) and an associated reference for these appendices have been placed here. In addition, there is currently a search engine located at http://theweb.badm.sc.edu/bpr/ to assist users in identifying BPR techniques and tools.
Steps 3: Semi-structured Interviews
In
Step 3, where additional information was deemed necessary, a request was made to those firms identified in Appendix 2 to conduct an interview. A semistructured interview protocol was developed and then tested for clarity with the funding organization. Selection of key informants in each organization was accomplished through identifying "the person most knowledgeable about the issue of interest," (Huber and Power, 1985, p. 174 ) usually one of the senior partners in the consultant firm or someone having real project or product knowledge. A majority of the firms (55%) agreed to either an on-site or a telephone interview.
The interview began with open ended questions regarding the respondents and his/her organization's view of reengineering. The interview progressed into details of their organization's offering to the BPR market place which included methodologies practiced, use of advanced techniques and tools. To enhance the accuracy of the interview reports, we adopted Huber and Power's (1985) suggestion regarding tandem interviewing with each interview involving two researchers to allow one to conduct the interview and the other to probe and transcribe the information. Observations corroborated well between interviewees and with published sources. In many cases the BPR tool vendors provided demonstrations of the functionality and use of their tools and described each module's applicability to a BPR project.
Step 4: Establishing the Research Database
In addition to information collected from interviews, a large volume of research data were obtained from library search and requests to vendors. Many techniques and tools mentioned frequently by BPR experts during the interviews were added to the list. Some techniques such as activity based costing (ABC) (Tunney & Reeve, 1992) and quality function deployment (QFD) (Akao, 1990) were identified based on well documented books and journals. A request was mailed to the vendors for product descriptions and demonstration disks. For a selected number of tool vendors, interview sessions were arranged at vendors' development facilities to conduct hand-on assessments of their tools. When possible, demonstration copies of software were obtained and tested in a software evaluation lab set-up for the project.
Results of these information collection efforts were systematically filed and accumulated in three separate research databases: one for methodologies (25 records), one for techniques (72 records) and the third for BPR software tools (102 records).
Step
5: Discovering a Composite S-A Pattern Through Induction
Based on the inductive approach prescribed by research methodologists (Dubin, 1969; Zaltman, LeMasters, and Heffring, 1989 ) and the inductive research steps reported in prior IS studies (e.g. Earl, 1993; Orlikowski, 1993) , the researchers developed the following sequential steps to derive the potential Stage-Activity pattern from the data base of 25 BPR methodologies.
1. Each researcher individually analyzed the commonalities and differences between the 25 methodologies in terms of stages and activities, identified a set of distinct reengineering activities included in each methodology and wrote down a brief description for each activity. 2. The three researchers held a group meeting to examine the collection of activities.
A set of core activities was identified through interpretation, discussion, reconciliation and consensus voting. Standardized descriptions were then developed for each of these activities. 3. Each researcher individually sequenced the core activities and divided them into groups that he perceived to logically constitute a stage based on temporal affinity and similarity in overall purpose. 4. The researchers next held a meeting on the sequencing and grouping determined by individual researchers. Based on discussion, the researchers reached a consensus on the sequencing and grouping of activities. Definitions of the various groups, i.e., the stages, were then assigned.
Step 6: Examining Reliability and Validity of the S-A Framework
Two tests were conducted in this step: one laboratory-based reliability test and the other field-based validity test. Twelve subjects participated in the laboratory test as judges in a Q-sort exercise. Invited judges included IS professionals with BPR experience from local firms, software tool experts from the sponsoring firm, as well as business faculty and doctoral students with research knowledge of BPR. Each judge was given a packet consisting of an overall instruction sheet and 25 response sheets, one for each methodology. On the first half of each sheet was the summarized description of a reengineering methodology (without disclosing its source) in terms of stages and activities. For each methodology, subjects were instructed to indicate which one of the 6 stages in the composite S-A Framework best matches a particular stage in terms of the activities included. The judges were instructed that the same stage number may be entered in multiple spaces and no space should be left blank.
Results of the Q-sort were analyzed following the guidelines and procedures for measuring reliability of qualitative data. These procedures, as outlined recently in marketing research by Rust and Cooil (1994) , assume a decision theoretic loss function, formally model the loss to the researcher of using wrong judgments, and show how this produces a new reliability measure called "proportional reduction in loss" (PRL) which generalizes many existing quantitative and qualitative measures. Surprisingly, for high levels of inter-judge agreement, very few judges are necessary. Using the table provided by Rust and Cooil (1994) and assuming a proportion of interjudge agreement of only .50, the PRL level for judging five categories (which is less than the 6 categories situation involved in the current study) reaches .85 when there are only four judges. The twelve judges used in this study is clearly more than adequate number of judges based on Rust and Cooil's recommendation.
As explained in Rust and Cooil (1994) , the "proportional reduction in loss" (PRL) measure can be viewed as a direct extension and generalization of Cronbach's alpha to qualitative cases. As outlined in Appendix 3, the PRL levels can be found in various cells of the table in parentheses following the name of each stage sorted. Adopting Nunnally's (1967) reliability rule of thumb of .70 for exploratory research, we found a very high proportion of interjudge agreement between the 12 judges, with PRL levels exceeding .80 for 130 among a total of 134 stages to be sorted. In fact, most of the PRL levels reach the maximum level of 1.00 indicating extremely reliable mapping results.
In addition to reliability, external validity was ascertained through in-depth interviews conducted with BPR project directors at three sites: a telephone company, a computer service firm and a paper and pulp company, that had completed a comprehensive BPR project prior to the interview. The interview involved the following steps:
1. Briefly introduce the purpose of the interview and ask for a general description of the reengineering methodology applied at the site in terms of the sequence of stages, and activities within each stage. Techniques and tools used in the project were also discussed. 2. A standard template was presented to the respondent which included activities contained within the S-A framework. 3. If an activity conducted during the project was similar to a certain activity in the composite S-A Framework, the respondent was asked to indicate this by placing a check beside that particular activity in the template. The sequencing of these activities as conducted at the site was also indicated by entering a sequence number in the box adjacent to the activities. 4. The respondents were requested to indicate if they had conducted any activity not included in the framework.
Results indicated that the sequence of stages and activities at the three sites were closely aligned with those of the composite S-A framework. The mapping between the framework and the telephone company's S-A sequence had an almost 100% fit. The computer service firm and the paper and pulp company were particularly interesting as both firms had initiated their projects with a pre-conceived solution centered around IT application. They conducted the Redesign and Reconstruct stages first, but soon realized that the "solution" did not serve the business needs. In both cases, the project team reverted back to the Envision and Initiate stages to develop a business vision and justification first prior to any IT implementation. The fact that they reverted back to the sequence of stages as laid out by the composite S-A framework may be regarded as one form of "field experiment with outcomes" (Lee 1989 ) demonstrating validity of the framework.
Step 7: Mapping of BPR Techniques & Tools to the S-A Framework
During interview sessions, interviewees were asked to list those BPR techniques used and, when, and for what activities each technique applied. BPR practitioners at the three case study sites were also asked to indicate where techniques were used at each stage/activity of their project. Tool vendors outlined a range of techniques that formed the basis for the development of their software design and logic. Finally, literature review provided additional insight.
Adopting an approach similar to that used by Hackathorn & Karimi (1989) , tools were mapped to those techniques for which they are designed to support and techniques were mapped to particular activities in the S-A Framework, as shown in Appendices 4, 5 and 6. The mapping of techniques to activities was initially attempted by each individual researcher based on a review of collected data, expert and vendor recommendations, and the logical procedures of a techniques. The three researchers then convened to discuss their mapping results and finalize a techniques map. The mapping of tools to techniques was based on the researchers' understanding of how a technique may be supported by particular tools as well as by tool vendors' recommendations. It must be stressed that, due to the evolving nature of the BPR field this mapping should be viewed as an initial assessment of the MTT relationships.
Some limitations of this research approach:
Perhaps the most severe limitation of this research approach concerns its crosssectional design which provides only a "picture in time." This is particularly relevant given the dynamic nature of this rapidly evolving topic. For example, since the completion of the field survey component of this project, new methodologies such as PADM (Wastell et. al., 1994) and new tools such as TurboBPR have been introduced. However, while individual components of the S-A Framework may change, the basic MTT relationship can be expected to have enduring value to BPR researchers and practitioners. Secondly, since the selection of the study's cases was not random, claims on external validity may be limited. Not withstanding these limitations, the researchers used rigorous qualitative research methods such as QSort, semi-structured interviews with protocols, probing, inductive pattern discovery, and reliability and validity testing to strengthen the inquiry. The sum of these research parts were aimed at providing an extensive assembly of knowledge on BPR methodologies, techniques and tools. Thus, this study represents a comprehensive, if not complete, collection of BPR activities from which sub-set of elements may begin to be configured to form a view of business process change. E. Measure the New Process (1.00) + The sequence of stages for the methodology before mapping is indicated by alphabets in front of the stage names. * A total of 12 judges performed Q-sort and the mappings reflect the best (majority) choices. ** The number in each cell (in parenthesis) following the stage name is PRL Reliability (see Rust and Cooil, 1994) Techniques are listed in alphabetical order by name. Categories to which a technique belongs (see Appendix 8) are italicized in the parenthesis Stages and activities where the technique is applied are indicated at the end of each description.
BPR Market Researchers & Consultants

BPR Tools & Technology Vendors
______________________________________________________________________ · 10x Technique (Business Planning, Customer Requirements): This is Andersen
Consulting's goal-setting approach to reengineering business processes. The objective is to restructure the process to come within ten percent of the best practice (benchmark) within the industry. --S 2 A 5 · Activity Based Costing (Capture & Model, Measurement): This technique determines how a process and its subprocesses consume resources by identifying cost drivers to activities (Tunney & Reeve, 1992) --S 3 A 1 S 3 A 2 S 4 A 2 S 6 A 1 · Affinity Diagramming (Creative Thinking): Sorts ideas generated from brainstorming into groups. Diagrams relationships within and between groupings. --S 4 A 1 · Analytical Hierarchy Process (Bus. Planning): A technique for organizing the goal for a decision into a hierarchy of subgoals (Saaty, 1980) , and a systematic procedure for making trade-offs among these subgoals, which will provide the basis for determining the overall scores for various decision alternatives. --S 1 A 4 · Assumption Surfacing (Business Planning, Change Mgt.): Aimed at strategic problem solving, this technique treats the problem as one of examining assumptions underlying a policy rather than formulating and testing specific policies (Mitroff, et. al., 1979) . This technique seeks to eliminate the bandwagon effect of majority opinion in group meetings by issuing a sequence of questionnaires to a panel of experts to successively refine their opinions and finally reach a consensus (Couger et al., 1993 ). --S 1 A 2 S 4 A 1 · Employee and Team Attitude Opinion Assessment (Org. Analysis): U s e s psychometric instruments to measure job satisfaction, organization commitment, and employee opinions in connection to newly designed jobs for the reengineered process. --S 3 A 1 S 4 A 2 S 6 A 1 · Exploratory Training Method (Change Mgt.): Instead of lecturing, training is accomplished through an exploratory trial-and-error process under the guidance of an instructor. This method may be more appropriate for highly structured procedural tasks --S 5 A 3 · Fast Cycle Full Participation Change Methods (Change Mgt., Creative Thinking):
Rather than relying on the traditional design team with limited membership, this method involves as many people as possible from the affected area in the design process through a combination of search conference and socio-technical systems design methods. Experience has shown that quality of the design as well as the ease of subsequent implementation significantly improve, resulting in much less time spent on the project (Pasmore, 1994 ). --S 1 A 1 , S 2 A 1, S 4 A 1, S 4 A 3 · Force Field Analysis (Creative Thinking, Change Mgt.): A method for identifying forces that push up as well as push down process performance. A pictorial representation is used to facilitate the analysis. --S 1 A 2, S 4 A 1, S 5 A 1 · Focus Group (Customer Requirements): Consists of customers of a businesses process and is formed to collect information on expected and actual process performance. --S 2 A 4 S 6 A 1 · Fishbone Analysis (Prob. Solving): A graphical tool using diagram in the shape of a fishbone for analyzing cause-effect relationships in problem diagnosis. Also termed "Ishikawa" or root-cause diagrams. program IDEF 0 is an activity modeling module for capturing functional requirements ("identify what I need to do"). IDEF 3 incorporates the time dimension to capture the behavior of objects in the enterprise through state transition diagrams. IDEF 6 captures "meta" designs, i.e., the knowledge and thinking that went into framing the other IDEF modules. (Mayer et al. ,1995) --S 3 A 1 S 3 A 2 S 4 A 1 S 4 A 2 · IDEF 1,1X, 4, 5, (IS SAD): IDEF 1 is the data modeling module using the entity relationship diagramming method. IDEF 1x is a version of IDEF specifically aimed at designing traditional relational databases. IDEF 4 deals with object-oriented data modeling. IDEF 5 provides a repository for large analysis and design information. (Mayer et al., 1995) --S 4 A 4 · IDEF 2 (Prototype & Sim): This is the IDEF module that provides simulation of the process to depict its dynamic behavior and how information and resources in the organization are used (Mayer et al., 1995) --S 4 A 1 S 4 A 2 · Information Technology Analysis (Business Planning): Based on the work of Davenport and Short (1990) , this technique is used to match IT capabilities to a certain process' reengineering requirements (see Appendix 7). --S 1 A 3 · Job Analysis (Org. Analysis): A systematic process for collecting task data, behavioral data, and ability data in analyzing the nature of a specific job. --S 3 A 1 S 4 A 3 · Joint Application Development/Rapid Application Development (IS SAD): J A D requires formal assignment of users as members of the development team to speed up the analysis and design process. RAD may be used in conjunction with JAD through application of 4GL, CASE and extensive prototyping. --S 4 A 4 · Job Design (Org. Analysis): A technique to integrate work content, qualifications and rewards for each job in a way that achieves an effective fit between people, technology and process. New opportunities for job design such as empowering employees with more decision making responsibilities are typically associated with process reengineering. --S 4 A 1 S 4 A 3 · Nominal Group Technique (Creative Thinking): A structured process for reaching group consensus through anonymous idea generation by individual group members, followed by discussion and voting (Couger et al., 1993 ). --S 1 A 2 S 4 A 1 · Out of the Box Thinking (Creative Thinking): A creativity technique proposed by Michael Hammer that advocates the rethinking of the norm of business operation at the outset. It challenges the designers to set "stretch goals" for the process and re-examine basic assumptions underlying current operations (Hammer & Champy, 1993) --S 1 A 2 S 2 A 5 S 4 A 1 S 4 A 3 · Pareto Diagramming (Prob. Solving): Based on the Pareto principle that a few causes often account for most of the effect. The diagram graphically represents problem causes which are ranked in descending order of destructiveness and indicates which causes should be targeted. --S 3 A 2 S 6 A 1 · Persuasion technique (Change Mgt.): Based on the "elaboration likelihood model" and "appropriateness-consistency-effectiveness model" from organizational behavior, these techniques articulate strategies of influence which can be used in situations where individuals publicly or privately resist BPR implementation. Specific persuasion techniques include "rejection-then-retreat," "the commitment and consistency rule," social proof," "liking," and "artificial scarcity" (Melone, 1995) . Winograd and F. Flores (1986) to model organizational workflow using the metaphor of speech-action. Instead of viewing coordination as tasks or information flows between tasks, coordination is defined by the language acts through which people coordinate. For business processes, implementation commitments are the basis for communications in customer-supplier relationships. Examples of speech-acts include request, offer, agreement, withdraw, counteroffer, report completion, etc. --S 3 A 1 S 4 A 3 S 4 A 1 S 4 A 4 · Software Reengineering (IS SAD): A technique for salvaging old legacy systems through reverse engineering to recover processing logic and data structure in existing systems. This is followed by forward engineering where "new" systems can be quickly generated with DBMS and CASE tools. --S 4 A 4 · Soft System Method (Capture & Model, Org. Analysis): Originally developed by Peter Checkland (1981) for structuring unstructured problems and defining user requirements, the technique requires a high degree of participation in first painting a detailed or "rich picture" of a real world problem. Next, using system thinking, disengaged analysis requires the development of alternative conceptual models of "should be" processes. Emphasizing the humanistic principles of participation, learning and empowerment, this technique views an organization as made up of people (the social system) using tools, techniques and knowledge (the technical system) to produce goods or services. The two systems must be effectively fit to one another to achieve optimal functioning (Pava, 1983) . A typical design technique using this approach is the 9-step ETHICS method developed by Mumford (1994) . --S 4 A 1 S 4 A 3 S 5 A 1 · Survey (Customer Requirements), Measurement): A technique for collecting standardized responses from a group. A survey instrument should be constructed to elicit unbiased responses. --S 2 A 4 S 3 A 1 S 6 A 1 · IS System Walk-through (IS SAD): Involves formal design review by a group of managers, analysts, programmers to determine completeness, accuracy, and quality of the design. --S 4 A 4 · System Testing Techniques (IS SAD): A technique for testing information systems in terms of individual program (unit testing), the entire systems of programs (systems testing), the application with a large amount of data (volume testing) all related systems together (integration testing), and any tests required by users (acceptance testing). is based on the theory that white collar workers perform activities which have different intrinsic value to the organization. The approach focuses on how IT and process improvement can be used to increase efficiency and effectiveness of white collar workers, by allowing them to perform higher value work more frequently. (Kanevsky & Housel, 1995) --S 3 A 2 S 6 A 1 · Value-Chain Analysis (Business Planning): As proposed by Porter & Millar (1985) , this technique involves a systematic evaluation of the flow of a company's activities in terms of "value" (the extent to which buyers are willing to pay for a product or service). There are nine generic categories of a company's value activities. These can be classified as primary activities (inbound logistics, operation, marketing, etc.) and support activities (human resource, technology management, etc.). --S 1 A 2 · Visioning (Creative Thinking): A method for developing images of possible future conditions of an organization. When applied in BPR, visions of new processes are developed by identifying and progressively removing sacred cow assumptions or unsubstantiated constraints (Hammer & Champy, 1993) --S 1 A 1 S 4 A 1 · Workflow Design (Capture & Model, IS SAD): The notion of workflow is rooted in the idea that business processes are sets of tasks done in prescribed order that incorporate information from various sources. There are three types of workflows: case-based, general, and ad hoc. The goal of workflow design is to make the relationships between people, procedures, information, tasks, and management explicit. --S 4 A 1 S 4 A 4 A tool for helping you to achieve ISO 9000 or QS 9000 certification with less time and resource commitment.
Total Quality Management Program
IThink (HPS) iThink is a powerful and flexible package for building and simulating business and organizational processes. This software guides you through the implementation of ISO 9000 using a question-and-answer approach.
Meetingkits for Windows
A software that helps a face-to-face meeting to achieve the ideal without requiring complex equipment or special training. Transform unstructured processes into routinized transactions.
IT such as EDI and shared data bases which lower transaction costs and eliminate intermediaries.
Interfunctional processes (e.g., new product development)
Transfer information rapidity across large distances.
IT such as CAD and WANs that support simultaneous work in different locations.
Interpersonal processes (e.g., approving a bank loan)
Remove intermediary and connect two parties within a process.
IT such as groupware and imaging that facilitate role and task integration.
Physical processes (e.g., manufacturing)
Reduce or replace human labor in a process.
IT such as CAM and robotics which increase outcome flexibility and process control.
Informational processes (e.g., creating a proposal)
Bring vast amounts of information into a process.
IT such as AI, multimedia and the WWW that provide unstructured information and routinize decision logic.
Operational processes (e.g., order processing)
Change the sequence of tasks and allow some tasks to be done simultaneously.
IT such as electronic commerce, workflow systems, and shared data bases that reduce time and cost and increase output quality.
Managerial processes (e.g., budget preparation)
Bring complex analytical methods to bear on a process IT such as expert systems and EIS that improve analysis and increase participation.
